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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
light emitting element with which the increase of working 
voltage when current is applied and the deterioration of 
an active layer can be prevented using a II- VI group 
compound semiconductor of long lifetime. 
SOLUTION: An electron blocking layer, consisting of a 
II-VI group compound semiconductor, such as a p-type 
Zn1-xMgxSe electron blocking layer, for example, is 
inserted in the part between an active layer 7 and a p- 
type ZnSe/ZnTe MOW layer 13 such as the interface 
between a p-type ZnSSE cap layer 10 and a p-type 
ZnSe contact layer 12. for example, or a Znl- 
xMgxSySel-y electron blocking layer is inserted in the 
part between the active layer 7 and a p-type ZnMgSSe 
clad layer 9, or in the p-type ZnMgSSe clad layer 9, and 
a Znl-xMgxSySel-y hole blocking layer is inserted in 
the part between the active layer 7 and an n-type 
ZnMgSSe clad layer, or in an n-type ZnMgSSe clad 
layer. 
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(54) [9HH«>«»] iWftSBt*^ 



(57) (0iE^) 

Si^7 t pSiZn S e/Z nTeMQ 
WSl 3 ^e^^raoSP^J". fiR|;tf^p^ZnSSe:arir5/^ 
SlOi:pl^ZnSe=i>-^?^ hgl2 tO^clalC I I 

Zni-x Mgx S em^Ri-lhSl 1 4:lf A-r^o fo^^/^ 
tt> fiftt«7 pSZ nMg S S e iJ'^!/ KJ19 i:(7)Fe1 
oas^J-^fcfipSiZ nMg S S e:?'^:y Kji9*;cZn 
i-x Mgx Sy Sei-y m^PUbiiSrlf AU St^g 7 
t nSZ nMg S S e KSi: t^WoSP^^^^tlin 

^Z nMg S S e ^ 5/ KS + twZ ni-x Mgx Sy S 
ei-y JEdFLR§Jhe4:}?Ai-^>o 



pBZii«Mff»Sc«mil:»11 
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1 

*3J:T^±fe^mS:^?1=FBli. Zn, Mg. Cd. Hg 
iKTE^tSe, S*5J:tFTe*»P>>te5»J;tlS»^i^fc 

<p'^j:< ti,-m<ov im7tmti^x'!)m^^*\'tzi i- 

±fEi£ttS t ±IE^fiLa^-#FJg t roP^ IC±SE I I -V 

tvjiiB 1 1 - V I mit^i&^m^btihm i 

fj':? hSlrpffl!)mSiiS=>^i5' hL/c«^^^rL. ±12 
m^PS-lhgHJifEplii!' 7 :y KJl, ±l2pSI^-r 

*5j;ufjtiami<7?pS='>'^':? hgoi/^-m*^<o?a5^>i- 

m^me] ±iam^RLitJi«±fEpM=^^s'7'ji>p 
[s«3i*«7] iiam^PfljtisiiiiemiropSav;? 
I it*:^ 8 ] ±iBm^Rajte tt±fe p s ^ 7 5' ks * 

i^=7y KJlt(0^®tw?f A$ixTV^5r.i:Sr1#tti:i-5 

mm. 4 fs«ci©¥-«*^^7£^^o 

Iffl}*3g 1 0 1 ±ffim^PJJhS«:±SE p 9 s' KB 

t ±f£ p S^-^ 5/ rB i: ro#ffilc1f ASi^T^•>5 r. Sr 

I 1 1 ] JilBm^R&ihB Ji±fe^ 1 p S 3 :^ 
hJlt±fBpa#afi^#FBtwlf-Et-lfA$ti, 



(2) «#&B¥ 9-293937 

Tt^i C 1 4r#«t •r5if«:^4SE«t«Oij£«ft:«JtlS 

IS*:® 1 2 ] ±fE@^-PUhB»i^^i < i: Z n . M 
g *3 J: tJ! S e e> 5 r t S:#JS i: -r ■S 5S*^ 1 S2tt<?> 

[8S*^13j Jil2m^ll-ltB(4Z n. Mg. S*5<t 
O! S e ;S 5 t Srltm i: -r ^> 1 laStf^if^fr 

[If 1 4 ] iiSm^lUhiK^di^^cC < ^ Z n . M 

im^m i 5 ] ±IS®^RLlhJl»l^>/^ < i: % Z n . M 

1 6 ] JiISmT-PBJhjiJi/i^/.? < t tj Z n . M 
g. S^SJZU^S ed>e>^.C!9. iffim^RiJhJiCOMgM^ 

[l»*3g| 1 7 ] Jiiam^PMi^fi. ^i^^^ < ^ Z n . 
Mg*3J:tFS eT&^b'fcSWgJi^Zn. Cd*5j:tfSe 

[gS*«l 8] ±12S^|5§JhJifl. d>/^< ttZn. 

[fS*^l 9] ±mpm^yy KMflZ nMg SS e 

±15^1 OpS=>'^^ hJidZ n S e ^^hti:^. ±12 
p §J^®S^#Fg»:i^i:{:iSe $tb3tZnSeg<?rZ 
nTeji<i:;ii^e>;^j^t). ±15^ 2 (D p l!^ ^ hSliZ 
n T e f)^hfi:^:i t Srl^a^i" SW*^ 4 fBtt(Oi*5«i*: 

*3,tT^±IE#mm^#FJiti. Zn. Mg. Cd. Hg 
50 ±l^#fift^*FBo»se^s®■?^RL±Ji«:«riiLT^^ 
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3 

KBttx 2n. Mg. Cd. H g i3 JltJ^B e ^*e>3^t 

m^zm t\-^^m^^tiiti i - v i K<t:-§'^tei*sft:;&^ 
y Ks^^'iwjifB 1 1 -V I mvc^m^mm^hfi^> 

2 lf2«t(^^^<*:^3t^^o 

[If 2 3] ±IEn ^ !y ^ ±fESt^® <0 
•eix±fB I I -V I mc^m^^m^hfi:^% l <05t:« 

I if 2 4 1 iiam^iufcs tt±fa^s t ±15 p 

MiJ^^ix Kg^^7)#®(rffA$ttT^/^^r ^S:#»i:•r 
I 2 5 ] ±ism^P£ihg *i±IS p M:^ 7 y YM 
*^w^fA$t^Tl^-5:li:^#^Si:•r-5S*3®2 l|2«c(?D 

[If 2 6 ] ±l5®T-RSJhS*l±l2^ 2 

#m ^ -r ^ nim. 2 3 isgc <^ so 

[|f*^2 7 ] Jii5mT-PJJl:jiliJii2m2(D5t#K® 

[If ^« 2 8 ] JifBm^Plii:iitl±f5^<4g t ±12^ 

5ffll*«2 3fB«cO¥^»ft:|g3fe*^o 

O^S e;b^e>^^5Cli:Sr1^«i:-r5lf*S2 ifB«t(7)^« 

[gt*«30] ^ISmT-PlIhSHZn. Mg> S*dJ: 40 
O^S e d^5>/£l9. JifSpMiJ^^ 5/ KiifiZ n. Mg. S 
^^XJ^S ^t^hf^^. Jil2m^PAJi:ji<?5M g m^ttliJi 

[lf*:JS3l] -LlBm^PUhjiJlZn. Mg. S*3J: 
T/Se^^^/^?). ±15pS^7 5/ KJiJiZn. Mg. S 
*5J:T^S e;6>e>/.C?). ±faS2<0^»ffiS»lZn. S*5 
J: U^S e;J>^5.7i5rt Sr#«^i- -559*3512 612®*?:)*^ 

[If*«3 2] i^fS^PUhJiJiZn. Mg. Sfc^J: 50 
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XJ^S ef)^h^j:^. ±fBpS^^5^ KSfiZn. Mg. S 

ct T>- S e e> 5 r 1" 2>lf 2 8 |Bgc<0¥^ 

[it*«[3 31 SttJi*nie^7iy K®i:pSi^^75^ 

±l2Sffii. ±IEnliiJ^7y Kg:feJ:r/J:i5pM^7 5^ 
Kiitt. Zn. Mg. Cd. Hg*3j:U!B e;&>ibJfc5l¥ 

±fa^t£Ji ^ ±IB n 7 5^ Kg ^7:)r«1 ^ /ct^±l£ n SI 
^9^y Kg4'lc±|5 I I -V I m^i^^#*^^e>*5 

[ff*:«3 4 1 ±fSE7LP£Jhg{;iJ: !9 <ffi«T-SFO±« 
i;iTt;ia<^SP^^5?^^ ^? tLT V > 5 w <b i: i- 5 If 
3® 3 3fB«0^ff|g3t*^c 

[m*« 3 5 J ±t^nm^yy Kg JifSSI^g ^ O 
rBl:fe J: U^Jiia p li:^' 7 5^ Kg ^ ±i2Sttg OFp^ {z^ti 
•etb±fB I I -V I i^fb'g^te^S**:;;'^^ 5« 1 
JSg:fo J:r/m 2 (D^#2Sg;5^^ix-?:'tL^tt ^ix-C^/^5 C 
t^WiSLtT^m:^^^ 3f2«c^^^^*^^^^^o 

[a*^ 3 6 1 ±fS:E?LRSJhg*iiif2^1^ JiiS n 
SJ^ ^ ?/ KB t ASiLTi>5 r i: Sr^^miri" 

5if*:S3 3IB«c<75^«#:^3fe^^o 

[^*« 3 7 ] ±fa:E?LPiJhg*i±f£ nM^ 7 5/ Kg 
*J:i}fA^:h,Ti^^r<b^«F«<!:-r5»*^3 3ia«tO 

[^*«3 8 ] JLiBjE?LPlJJigl:i±i5^ 1 03t^2£g 
^±ISnM^ y y YM t(OWmiZ.mA^nxi^^ Z t ^ 
4^«i:i-6lf*3S3 5^SXL<D^mi^m^m^o 

[If :^«3 9 ] ±l5:E?LP£il:gttJifB^ 1 (D^tm^M 

[fi3R«4 0 ] ±ISjE?LPlJhg(i±e«^g i:±l2^ 

1 (oytm&m t (D^mi^zm?^ $ tux v ^ 5 r ^ <^«Fm t -r 

5lf3jt3S3 5fSScOi}s^ft:^3te^^, 
IS*::®4 1] ifaiETLPlJhgttZn. Mg. SSoJ: 
t^S e ^^^nc-SrirSr^mir-rSli^^S 3IB«tOii£^ 

[l»*«4 2] ±lBjE7LPUl:g(iZn. Mg. 3*3 J; 

XfS ef)^b^J:^. ±fEn^^ ^ !y KgJiZ n. Mg. S 
J: S e ^ t:^ !9 . ±fBjE?LPM:g (O S iadcit*i±l5 

5if*^3 3^s.m<D^mi^m^m^. 

[If*«4 3l ±IEIEILPlJhg*iZn. S:i6XXJ^S e 
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lO 0 0 1] 
[0 0 0 2] 

*:;65ig^oT:fc5. iE:(?5^^it:S: S^iUT5F5E*5^&«i- 
[0 0 0 3] ctoj: 5 7iWfe?fci/^u«|:fe-e^3tWtB/,?^ 
»^*:^^^T-o®l3g{::^l^5«■^is^<^ UTfl. Zn. M 

- V I mit^^^m^X-^ 5ZnMgSSefi. ^^14 20 
A^h^M,ti:G a A s S4RJi--Ojga^fij5S pj 

COG a A s g^^^l/^TKit-r^ i: ^ Kil'^^t 

Electronics Letters 28(1992)1798) » 
[00 041 Se*. r (T:) I I -V I gefk^ife^^ft:^:^ 
^^^tz^mt^mt^m^. y y KgJrz nMg S S e 

m^my^-^fz^Pf^^mi-n,, nmo a a s 

5/:7TS4:^M.rnSlZnMgSSei?'7 5/Kg. Stt 

^rJ^ Kgj^j^ifSr^J^-^^s^t-iS^^aev-- (MBE) J: t) 
C<OpSZ n S e s^-^t^^ hBJLi;i 
p4fflffi11S:?g^i-5i:i:t>t-> nSG a A s £ffi<r)SD5 

U^TJi. pSZnS e=:/^^ he<Dde^yT«SS:iS 

<i-St7);5SjgLl.^w ir/'.e^tCj: r <?:>pMZ n S e = 

^^^^ vm\^^mm}^^ir—^v^^i^^^ hs^^c 

[0 0 0 5] -tr-e. r:oS8S4:»f«:i-'5fcfe^w. pS 40 
Zn S e =t:/^^ hSJilwp^Zn S e/ZnTe^fi 
(MQW) m^^^^^. ^ f>lw^(D±t;iiS^ 
ir y r«s<o t><^;65^SJr?t^n^ pSZ n T e ^l^^ 
^ hii^^S^it. -^oii{::piB!jm^. it^twPd/Pt 
/A u Sato p mmM^m^-ti^ w t «C J: ;d— 

T. ZnCdSee4:fif14S. ZnSSe®*3feSK 

Z nMg S S eiiS:t^^:y Kii<l:i-SZ nCd S e 
/Z n S S e/Z nMg S S e SCH (Separate Con . 
finement Heterostructure) 1ftjt(7>iis-*{t:u— if—Jw^ JO 



#H¥9-2 9 3 9 3 7 
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V^TC(0pffl!l@ffi='>'^5'^^^ h«a^Sr^fflb3tt^O-e. 1" 
•Cl::Mia^SS^Sd*-^^SixTi>-5 («?ij^tf. Jpn. J. 
Appl. Phys. 33(1994)1938) « 
[0 0 0 6] 

[«l^;6S»a:UJ:5i:'t-5^S] \^t^\.f^iy^h. 

-bazliCDct 5?'j^p{Rymi^=':-^^5'^ hit 

[0 0 0 7] S ±x!i<^J: 9?fcpfflii«S=^-^:^^ h 

[0 0 0 8] Lfc;65o-C. iim^co 
#60 I I -V I m^i^^®ft:«:^i/>ybi|£^«f*:«jtS^ 
[0 0 0 9] z.(r>m^<r>^(r>^^\it. iim«FO?gtta<?5 

[0 0 10] 

%^^:ihfSi<vm^vyvmm\zMf\.mz (:^-^^- 

>^C3— Ufc) ®^;&5pll!imiii='>^^5'^ hiaSOpMZ n S 
e/ZnteMQW®t;iacAU. C -CiE^L i: If jg^^f 
5r irlilj: !9^^r^^^/u^-^i5pS^Z n S e/Z n 

t>fce>i-w^:t::fc5w^4:^^/^aiUfco ^LT. roil 

mtimtzm^f)^'pmmM='>-^i^ hifpopszn s e/ 

[0 0 11] iim^o^liJlo^feMbiiioiNTH. 
f£^ti. S.«E-eJi. toff e);«C^R&OJ: 5?fc^tJ^n/jj^ 

[0012] E144(^. ZnMgSSe;&^«b?t5:5^7 5' 
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Kg<7)3i^/U:^-:3^^s/r^Ee Sr^^b 
-^-(D L# 1/ ^mMM I th <DtaSfifei¥tt4:fhgT**i6fc«g 

U?t ^. Mta«:i*5ft 6 L # u ^-fif «SE 1 1 h ii^m<j^'r^ 

ii^ K-r^iXfcp^ZnMg S S e >5'^5/ Kil-^p^Z 
n S S e^#ffiilt;ijol>-Cfi. M#JwOV>T*iMgm^ 

[0 0 14] mMmnirrr^ftmSk. Z(0 

[0 0 1 5] -r?^^t>-^. ±fS@6t?^^^-r5;t«>(;i. r 30 

Zn. Mg. Cd. Ue:ioXXJI^B ef}^b^J:^mXV 
T e f)^ib^J:hmX^mir^tlfz<}^fj:< t h-m<DV I :^7C 

[0 0 16] :i(D^m(om2(o^mn. mmm^nm^ 
^L. nm^yyvm. pm^yyvm^xxy^ 

#^Sfii^^FJl*i. Zn. Mg. Cd. Hg*3j:U5Be 
Se. S43j:t;5Ted^^/j^-5SIJ:!9®f^tLfc^>/^< irt 
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H 

[0 0 17] ro^pjo^a^^^PJ^i. ^ttS^nSii^ 
yy y^mtpmi^yy KHirJ:: J: 9 JiS 
U ^1^. nm,^yyVm^XX}^pm^yyVm\t. 
Zn. Mg. Cd. Hgii5j:t)fBe;6^Jb/.^5S¥ct!9jlf^ 
^Xfcd^*< 1 lK5c^t S e. S*Dj:t5Te 

^^^^cC5S^J:«9 3lfm/c^*< ^t^-a^T^v i:^7ti^ch 

®#:%*^^«w:fcv^T. SttM^ pS^ 7 :x KJl^OF^ 
^fcrtcpSif^ 7 5^ KS*J:: I I - v i mit^^^m^ 

[0 0 18] C<D«gq<0^4<0^Wfi. fi?ttS«rnS:J^ 

Zn. Mg. Cd. Hz^^Xf-Bet^ht^^f^XK^m^^ 
in1t,<p'f^< 1 1>— 1 I mycMt S e . S^XXJ^r e - 

»^*:«3t^^{-^v>-c> mimtnm^ y y h*mt <om 

-^tii^nm^yyh^m^i-:^! I -V imit^m^mm^ 

[0 0 19] r^D5l5g^:l^5V^T. m^fflJhSfr J: 

mzm^m^^tbmtimtzmi^^tz.i'tiEiLi.zni^x^^fj: 

mmtf^^XztlZ'T^titblZi'X. 1 0 Ome V|^JL_bfo-5 

r <7?m^P£il:)i ^ (ilEHFLPUhJl ^fiK:^ ^iir5 ;i 

[0 0 2 0] ;ir*6?Jim. M;tffZni-x Mgx Sy S 

s t 5 J: p l;i^OM g Mj«it x is J: S 

a^it y r ^ J: t9 ffiScD^ $ (c-r 5 r <i: ;&5^tB 
T*fc^>o El4 5lw, Zni-xMgx Sy Sei-y <DMg 
ffl*Jtx:|oJ:tJ^SJiiaj*ifcy t 7 7 K\zi^nh^^/l-^- 
^r yy^XXJ^^'f-^^ttDm^iTj^'To r<^Zni-x 
Mgx Sy Sei-y *^t)/.?5m^PlJhg;65Ga AsStg 
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p 

i::65T#5o ««I;tff. tfr^^S-a-fiA a/a (G a A 
s) (/tfcU a (GaAs) a A s Otfr^-SIS. 
Aa(iZni-x Mgit Sy S e i-y ;5^e>*-5«^PlihS 
Ofe^Jg^^G a A s (D^^^^S<b(7:)^) ;6S±0. 3% 
aST-fctV«. GaAs£tg±{;iZnSejl^^S^^ 
S»'g';5^e>COj|gt6t;iJ:!3, l 0 0 — 2 0 0 nin<7)iPSJ3 

[0 0 2 1] ±m(Dx^i,z,m^^titcmi(D^m'^tii'i 10 
fBi^3t»p^>^ ^ 5^ vm^\z- r I -V I i^^b-g-ife^^fr 

[0 0 2 3] ±7^(DXo\zm^^tltim4(D^m\:^X^ 30 

r^-^tii^nm^ 9 ry Ks^'tc 1 1 -V I m^t^^^^^ 

vMi. nm^7^y h^m\z.mmvitt\.xh^<o^^^\z± 
t^nm^^^y mtj: ^xm=^ t j^-g^-r 5 w t 

[0 0 2 4] 

na® Sr#RS bffiig-r 

[0 0 2 5] iiii:fc<i:t>*ia2(i. zo:>^m(Dmi<Dmw. 

6p CO^^ft:^'-i^'-tiSCH«lgS:#-r-5t<0-efe 
[0 0 2 6] 01*5j:tF|g2l;i^"r<fc5t-x 50 
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mmmm\^x^^m^»i^-'^-\^is^^xn. y-r-^ti 
mt uTM;tf^s i v-zf^M^m^vi (10 0) ® 

:*rttOnMGa As£t£l±Jc. K-:^— ^*fiife<!r UT^^j 
^f^S idSK-T'SttfcnlJGa As^^5':7tS2. K 
-r-^tmt UTM^tf C 1 K-:r$tbfcnUZ n S 

e^^yyrm^. ¥'t-^wmt\.xmm\zo\i)-h*- 

:/^tL/cnSZ n S S e^<y7rmA^ V')--^m^t 
\.XWim\^0 1 f)^ V-Zf^r^tmrnz nMg S S e ^ 
:y KJi5. Y-r-^n^t LTI^^tiiC 1 K-^^tv 
JtnSZn .S S e3fe#Jfeii6. M;tf^Z n C d S e gSr 

«3tcoSttii7. r^-feiT^^^if^e^^i UT*rjx.(:fN;ils K 
-:/^tbfcpMZnSSe)^S&g8. T^irrT^^^i^ 
i^t X^Xmmz-^i)^ K~7^^ixfcpMZ nMg S S e 

^ttfcp^Zn S S e^f-TiX^^ill 0. T^ir>^^^^ 
bTl^^*lCN;6S K->^^tt;tpmz ni-x Mgx S 
eB^RBjhS (fcffL. 0<x^l) 11. T^ir:?'^ 
^*B4&i:LTI^mtwNdSK-:7'Sti.3tpSZn S e^^- 

i?'^ hgi 2. T^'^':f^^pmt\^xw\mz'^ti^^fi 
nT^t^htji^ A^^^m t i>^?sejE\zmm s p s z 

n S e/ZnTeMQW@l 3 io <J:r5T-5^ir:/^ ^j^®? 
t UTl^»t;iN753: K-:7^^tLfcpMZ n T e = h 
Si 4^5. Bi^cWS^tLTv^^o 
[0 0 2 71 rr-e. pMZnS S e:2^--r:y>^@l Oi: 
pl!Z nSe=i>'<5'iJ^ hUl 2 c?:)!?-® {:i p MZ ni-x 

Mgx s^mi^mjtmi ii>m?>^^tix\^^^ztf>mm 

«T?fe5o ^3^0J:5{-. rOpSZni-x Mgx Se 

mT-PSJi:® 1 1 fi. r^O^^*:^'-i^•— C7)iim^{:i^t^ 
m7f)^bmtimtz,m^i^^pMZn S e/ZnXeMQW 

Bi 3{riij^-5o^ai^j-r5^«)<75tj<D-cfe5„ 

[0 0 2 8] roii-g-. pSZn S S e ^^-^'^z:/®! 0 
C0±jia5. pSZm-x Mgx S e m^PSJhii 1 1 . p 
MZ n S e hS 1 2, pMZnSe/ZnTe 

MQWSl 3*3j:tJ5pSZnTe s^"^^ hS 1 4 fl. 

[0 0 2 9] :i<Dys hy><:fU^^<D^^(Dpmzn S 

T/^^^-r (Ai 2 03 ) mi)^h^j:^^m^m\ st^m^^ 

flX\^^^o -^bX. h7-<:/?^iK(^p^Z nT e r^V- 
iJ^iJ^ hill 4:Js<J:T/jffe^jil 5 Jilii pillimill 6 
$tbrv>2>o rOpWSffil 6dSpSZ nTe s^-^^ 

C(75pffli|®gl 6 ^ bTii. m$;&5iO 
nin<DP dK<i:^$;65 1 o 0 nm<7)P tflgtl?$;553 0 
0 nmOAu^i:^|ll9:SilUfc«3t<DP d/P t/A 
u®S;65ffil/^f?tt5o — nSiGa A sStSlCDS© 
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1^ 

[0 0 3 0] :i<Oi^W\y^—'^—\^ili^\f^Xn. ^^*^^3>5 

1 2 03 8^:s i^i Bb^\mmmmL.ti^mm 

Ai 2 03 Ki 8^s ilii 9t^2Wimmm\. 

fz^mm^*^=^'-T>(>'^^tix\^^^o rcT\ Ai2 o 
3 ^1 8 i:s iMi 9 t^immmm\^rc^mm(Dmi^ lo 

>^ bm(Dt^m(D^^^i: 7 0 %. y Tm(Dmm(D^m 

^m±^9 5%t;ii-5r irdJ-ct-Sc 
[0 0 3 1] co^^fr u-if-Sr«^1-^«-ii^^«:e 
Ojjf M^^tf -5^:. nSG a A s/^5/:7tS2J1 

SOOnm. n^Z n S e>'<5^:7x^ 3tt3 0 nm. n 
MZnSSey<<yyrM4m SOnin. nSZnMg 
S S e :y KH 5 ^ J: t5 p S Z n M g S S e ^ :y K 20 
m9n^n^^*tbl 0 0 0 nm. nMZnSSe^^Rg 
6*5<ttf p^Z n S S e3te«iKS8(i^:ix^*tbl 0 0 n . 
m. p^Z n S S e 1 Ofil 5 O 0 nm. p 

MZ n S e hSl 1 0 0 nm. p^ZnT 

e=^>'^^ hMl 4(170ninTfo5o €-nS* 
K-^-SSNd -Na (fefc'U. No : K 
i—mm. Na : r^ir:/^Sg) CD-'^d^^tf 5 . 
nSGa As>^^:x:7TS2^i2. GXlQiBcm-^ n 
SZ n S e/<^y:7rS3. n^Z n S S e ^^^y :7r® 
4. n§JZ nMg S S e^^>> K/iS^OcttJ^nllZn S 30 
S e3t^ifeJl6ti-ttL-en5. 0 X 1 0^7 cin-3T-$> 
5o $?>«w. €-pS¥^ft:®<^*ari^'irr^^SSNA 
"No (?5-0SSr*Jf-5i:. pljZ n S S e7t*iKS8. 
pMZ n S S e ^^^yZ^mi 0:JoJ:t;^p^Z n S e =3 V 
hill 2ll^tu-^'tVl. OX10i8cin-3. pSZ 
nMg S S e ^7 5/ Ke9*12. QXlOi^cin-^ p 
^ZnTe=i>^^^ hSl4*il. 0 X 1 Qi » c m-^ 

[0 0 3 2] pSZ n S S e ^^-^^^yr/gl 0 ii. m^\Z 
X^. pSZ nMg S S e ^75/ KS9l:i*D^fc^2(^ 40 
iJ^^^z KJlt UTfO:«tB. pSZ nMg S S e K 

[0 0 3 3] pSiZ n S e/Z nT eMQWBl 

31*. pSiZ n S e =i:/<5'iJ' hill 2 t pSZnTe=3 

^^^^ vm \ A.h^mw&^\.f^t^\z.\iL^(D^^^m 



9-293937 

i2 

SZ nTe=3:/<?i5^ hjil4;e>^e)pSZnSe=i>'^i5^ 
hJll 2l;i^»t-5f^(OK^i:/.t5Ci:?5>fe. ^LO^mm, 

w < i-fc *!) ^7) t <^ -C fe 6o 
[0 0 3 4] ^3<i. C<7)i|^ft:u-if— 0^ttS7 

pSIZnTe hill 4 t<7DrB^(7:)a55>(7):3i^/P^ 

«o ) -efc5o 0313. Ec (ie^ffir(DTig (CBM 

(Conduction Band Minimum) <i: 5) > Ev fiM®T- 
^(D±^ (VBM (Valence Band Maximum) h\>\i^b) 
^yf^-t (£ATI^«) o UZt^ht>t^^Xb\'^. pSZn 
SS e^^s/>^Sl 0tpSZnSe=>-^t^^hjil2 
<btO#Ditw|f A^ttfcp^Z ni-x Mgx Se^^PUh 

■CV^5o rOtfb?EPOJB$f:3:. pS!Zm-x Mgx Sem 
=mAM \ lcoMga^£Jtx;55:^#<7!^^}S^^if 
19. *?tJ;t*^Mgmj*ltx;i'>0. 12 (1 2%) (D^i^iC 
*i^2 0 Ome VX-^5o C<?Dp§!Zm-x Mg 

X S em^RBJhei l-<Oli:Sfi> a;#MIS«rffl;t/jri>ffi 

r<DpMZm-x Mgx S em^iUhg 1 lC0Jf:$*i. 
MgjffijS;itx;65Wx.l:f 0. 1 2<^i&^. -PlIx.J^ 5 0 nm 
(04 #03,) , J:!9/Jn*VW^. ^IIx. 
t:f 1 0 nmm^iil^A/T't J:i/\ ^'cCiS. ^4ltiei>T. 
PB^'r/i-{:::<t5ft«S« R.People4octt;^J. C. Beand 
J:53g8Sfti» (Appl. Phys. Lett, 47(1985)322)T-fc 
t). MB^-r/Mrji^S^fiJ. W. Matthews*5J:m. 
E. Blakeslee lnj: -SSgfeftitS (J. Cryst. Growth 27(1 
974)118) -CfcSo 
[0 0 3 5] r£Di)^^<*:i-'— -r— Jiljo^l^Tli. nillliSi 

1 7 7&^^SffiS7l;i^A$n. ^-^hm^^-t^^LhfSi 

<:L<0^^l1}^^mt\.mzM.=^\1i.. pMZnSSe:3^ 
^S^:?"®! 0 h pSZ n S e =3V^^ hSl 2 ,!riO#® 
l-ifA$ttfcpSZni-x Mgx S e m-^^HJhg 1 1 O 

^>rttwJ:!9 pSZHSes^*^^ hSl 2il!|--<?D5^tt 
^S^^tf'btL. Lfc;6^oTpMZ n S e/Z nT eMQW 
gl 3--(7?m^(7DacA^SS}j©j^ctt5r COpS 
Zn S e/Z nTeMQWgl 3 (;i*5»t SST- tlETLi: 

e X Z n T e MQ Wg 1 3 OgP^>tr*3 It ^ t iE?L i: 
cQ^jg'&iwJ: (DpSiZ n S e 

/ZnTeMQWgl 3 <7?^<t:S:{£ii'r '5P«affi*5;i^(,N^ 

[0 0 3 6] I2]5^::r^:oii^^^^z|s:u-i^-(7:>Si(Jm^fESW 
(Auto Current Control. ACC) >^^^^SrfTo;'t: 
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It. pSZni-x Mgx S e m^RiJbJi 1 1 Srlf A 

[0 0 3 7] ig5;&^P>iD;6^5 J: pUZnSSe=¥ 
1 0 tpMZnS e=^:^^ii^ hMi 2 t<D^m 
lilp^Zm-x Mgx S em^PlifcSl l352jfA^?tLfc 
- 60i|^«#cu— 1^*— co:&;6^ p^Zni-i Mgx Se® 

StV-Cl/^-^p Z(D:iti!)^h. pmz n SS e^-^iyZfm 
10 t pSZn S e h/il 2 t(0^m\ZpmZ 

ni-x Mgx S e«T-IlJhji 1 1 <^if Ai-5w r 

[0 0 3 8] Jlai(^J:5iw^t^^i^f::rc^ml^^ 

G a A s 1 ^3f3£cO^ )::r^^i^^/Ugi^mM\zm^ 
U^c^. rOnSiGaAsStgliliZMBE&tllci:?) n 
g^G a A s^-^ 5^:7 Til 2^:31 t">$?:aev'-r /i-j5S::&$it5o 
r OS^. K:^— ^Ji3E«n?fc5 s i (D K— s 

Ga As/^S/:7TJi2(7:)3ih:*^?:a£^v'-r/^fi£:l:*i^ nSG 
a AsStglS:*^lxLf^5 8 orf+jftOtaSirtraaU-C-t 

:y ^^^'^/-r^ ^tizx^ m^mitm 

[0 04 0] ^fctC. rcOj:5t-UTnMGa As>'<5/:7 
TJi2 3553it*^^v^-y/U^S*ttfcnSG a A sSffil 

I I - V I iK^b'&ife^^sftcfigfiffioMBE^eicftsaii- 
i^'-«it^?^^r 5# I I -V I m^t^m^»m<D:3^ 

fi?^^v^-r>rU^:g^ft5o nSiGaAs/<2/ 
[0 0 4 1] 0 6lw:^i-J: C<7:)MBE3SSl-*5l> 

Sffif^. hy</l^Zf 3 3^ift LTS^SSi 3 1 {ilSi !9 
f+*t^n.3ti^«iM3 At^hM^^^S irtlil^AStV 
5o COKggSS3 IrtfUJl. Sffi^/Ut^'-S 2|C»rp] 



(8) «fM¥ 9-293937 

5o COS-g^. r<^5^^^2^3 5 ^ Zn. S 

e. Mg. ZnS. T e ^5 JztJ^C d (T^^^J-^^SiJ^^^^S 

hnV^Bft (ECR) r7X-e-tr/U3 6;65StS*/^^- 

3 2^cM^^u-c5l'9ft^tf5tLTv^5o rcoECRy^^x 

-rir;/W3 eiwfi. •^:?^^$/h3 7. •^>C n&^A^S^ 
3 8. S9fe;^f:^»A«3 9*3j:t;!:7'7X-r^ttlP4 0;55 

lrtiwfi^e)(w. Rt^^Si^m^lElST (RHEED) «. 
^©14 1*3,J:0^RHEED;5^^ y-i^4 2;5saii9ft{te> 
ti.T43l9. Sffi^®c7)RHEED/<i?->'S:«^i-5r 

[0 04 2] STs nSGa As>'^5/>'tS2Ji{;iu— 

f-*-ifi3g«:?fMi-^# 1 1 -V I mit^^^mi^m^=^ 

^^^^i^^/U&^^'^^fzib\Zi1^ 1^6 (:i:^-rMBE^ 
eoS^^S3 1 rtO£ffijJ^/UiJ^- 3 2{Z^ rOnl!G 
a A s :7 rS 2 v-^r /^^« S ttfc nMG 

20 a AsSKl^^^-r^o rcT^n^GaAsSffi 
1 ^mM(0:^t:'^^iy-r^l-&^t^. C^d;t(^2 5 0~3 

0 ox:a:>esm<omim\zm^L'XMBBm{zx^^}:f^^ 

TJi2iil;i. n^Z n S e^^^y >^rJi3. n^ZnSS 
e^<:y:7re4. n§?Z nMg S S e:^^^y n 
® Z n S S e jt^fiS 6 . 7 . p ^Z n S S e 3fe 

^&J18. pMZ nMg S S e iJ^^rv Kg 9. pMZn 
SS e^-r^yy^miO. pSZni-xMgx S e m^ffl. 
JhSll. pMZn S e ^^/^J'iJ' hSl 2. pSZnS 
30 e/ZnTeMQWgl 3 i3 J:t)^ p IgZ n T e =i ^ 

[0 04 3] CCT% nMZn S e/<:x:77-g3. 
Z n S S e/<5/:7TH4. nSZ nM g S S e ^ 7 K 
Ji5;Jo^tfnMZn S S e ^^ffiJl 6 O K-^-^Fi^i^ ^ 
\^X<DCl(Dh'—\z':y^n. mpLft. ZnCl2 4r K— 
hi: UTffi^^T^T5o ^ft. pSZnSSe3fe»JK 
S8.. pMZnMg S S e^^^^ KJi9. pMZnSS 
e^-ry:fmiO. p^Zm-xMgx Sem^PiJJLg 
11. pMZnSeri^'^J'iJ^ hgl 2. pMZnSe/ 
-^0 ZnTeMQWSl 3 iS JltJ^p SZ n T e = ^ hjf 

1 4t?:)T^ir:7^^^jK^^i: UTtDNO K— t'^-i/fix ID 
6iw:^i-MBESeOECR:/7X^-t/^3 6lCiol/> 

m7d^^3 Si>^h(D-r^ ^^&(Dm7^\zX^X. 
>^^Af^3 9d^bSA$tt6N2 ;«f^iO:^7X^{t:^fT 

[0 04 4l^fe{:i. pSZnTe hill 4±(C 
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:i(0\^-J7^ h^<^'->'^'^^^ t U"C pMZ n S S e 

nSS e^^^-z^mi 0(O±m^. p^Zni-x Mgx 
S em'f-mjtmi ls'pS!ZnSe=i:^:5':J^ hill 2. 
pSZ n S e/Z nT eMQWBl 3 *5 it/^p SZ n T 
e ^V'^S'^ hSl 4*3:^^ h7-f 

[0 0 4 5] fttC. ±y^<D3Lsy^i^^izm\f^itl^i^:^ h 

12O3 mtt-hizL^^-r^ iv^h^y) o 
':fm 10 ±\c<o:^A 1 2 03 Kd^e>?fc'51te8W 1 5 tm 
[0046] iScir. :^hy^^tk(OpmZnTe^> 

^xuAum^mKknmmmi^xp d/p t/Aum® 

:^i^e>^cj:Sp{IOmi^l e^^JgdcU. C^DpfflamSil 6S:p 
SZ nTe aV-^^ h® 1 4 ^ ^ $/ ^ =1 ^ h $ 
— n^Ga AsS;ElOS®IZ(i, I nmH 
<Oj:5?in{I0mMl 7S:J^fiS;-rSo pliimfiil 6 

^tii-XiimmMl l^m^X^fzM. fa^&SSrfro-Ct J: 

[0 0 4 7] rco^. J[^±oJ:5t:iL.-CU-f-''-^#3t^^ 
?^^^i^7tnS!G a A s St£ 1 ^^^-m^mm UTM^ 

h^cDig^Jl A I2 O3 ^18^Si^l9^^i;i 

All 03 8i:S iKl 9i:^2S»ISeU/::#jl 

[0 04 8J SJlJitDj: pJw. :L(r>%\(om:m&m\z^^ 

^mW\^-^-\ZX.i^\t. pSZn SSe:¥-r5/:/gl 
0(i:pSZnSe=>'^i>hSl2 i:0#®|;ipMZ n 
i-xMgx S e^^^PUhSl l;65jfA$tb. COp^Z 
ni-x Mgx S em^PJJb^l ltw<t t)e^^i75Ti^lw 

ttS7;ei^t>titLm/cim^^*^pSZ n S e/ZnTeMQ 
wei 3lcS{EAi-5<?D*^r?atrBSii:i-Sw<b*5-C#5o 
Z<Dtilsb. pSZnS e/ZnTeMQW)il 3<05S^ 

[0 0 4 9] Rl::. C(^^PJco^2<75^iaj^ffi{cJ:^¥^ 
[0 0 5 0] E7tt. ;io»2(^^liS?I?ffi|;iJ:5^»«: 

f — (7:)SttJl 7^pMZnTe=i>'^^^hBl4t 



(9) fl#M¥9-2 9 3 9 3 7 

J6 

[0 0 5 1] ia7tc:^-rj:?>{-. :i(Dm2<Dmi&^W^ 

X^^mt*^l^—'^-\^^^^Xtft. pSZ n S S e=3eir$/ 

04^{;ipMz ni-x Mgx s e m^pnt/i 1 1 
^fA^nrvN^p mi<7:>mmmm\^^ 
:5^mt^i^'-'^- tmmxh^(7:>x\ mm^mmT^o 
[0 0 5 2] ^it. :i<om2(ommmmizix^^ii^\^ 

'f-(Dmm:^&tm^xh^(Dx\ s^m^mm-r^. 
[0 0 5 3] c<7)m2<^iiffi?gffifrj:o-ct. mi<7^m 

[0 0 54] zcomm(Dms<^mismmizx^^ 

[0 0 5 5] laSli. C<^S3(75||ffiJgffil;iJ:$ij^«fls: 
7 <i: p^Z nTe n:^^^ 1 4 ^ 

[00 56] ms ir^-r J: 5 3 

ct-5^^^^l^— t-*3V^-Cfi. pSZnSer^v^^ 
1 2l3{r pliz ni-x Mgx S e m^PUhii 1 1 

[0 0 5 7] ^fc. w(7:)m3(^^^£?^^{:iJ:5^^ft:i/ 

'^-(D9m:»^tmmxi>i<DX\ ffi^^«iSi-5o 

[0 0 5 8] rco^3o^:^?g^t;ij:ort. 
mi^m t mm<Dm.^^m^^ ^ ^ f)*^x^ 

[0 0 5 9] ::(7)^!gom4 0^ffi?i^®{wi:5iJ^ 

[0 0 6 0] ia9ti. r(7)m4 0|lffi?[^^{:iJ:5^^fr 
U—f — <D?SttJi7 t p^Z nT e hS 1 4 i: 

[0 0 6 1] ia9J;i^i-J:5i;i. rcom4co^iS?i^^i:: 

Jc-S^^jcU—i^'-lil^SU^T*!. pSZ n S S e=3r-Y2/ 

OtpSZnSe=i>'^^ h®l 2i:co#Mlcp 
ffiZni-x Mgx Sy Sei-y e^fflJhS (fcffU 0 
<x^l;6^oO<y^l) 2 0 /5^jf A^nTl^So -tO 

[0 0 6 2] ^fc. r(D^4 0^ffiJg^{i:J:5^f*:u 

[0 0 6 3] C:CD^4(7)Mm?^^twJ:oTt. Hi 

[oo64]»:t;i. z,(r>^m<om^<^msmmz^^^ 
[oo6 5]®io(±. :L<Dm^<^^mmm\z^^^m 

flci^-f"*— oei4g7i:p^ZnTe3^^t?^J^ hS 1 4 
[0 0 6 6] ig 1 0 J: 5 r<D^ 5<^^i£?gli 

{Ccte^^frl— 1^'-|:l:feV^Tf^. pSiZnSSe^-r 
50 ixT'Sl 0*{;ipSZni-x Mgx Sy Sei-ym^-Pa 



17 

[0 0 6 7] ^fc. Z(Dm5(DmMJ^mi:^^^^i^l^ 

[0 0 6 8] z(Dm5<Dmmmm\z.x^xh. ^i<om 

10 0 6 9] »:t;i. ro^Mto«6<^:)Mffi5gffi»-<t5¥^ 
[0 0 7 0] 131 rom6CDSffi?gffi(;iJ:5^# 

[0 0 7 1] mi 1 {Z7T:-r ^ 0 z(7)me(DmMiBm 

^;lJ:5^^^*:^~if-^c:fc^^T^i. pMZ n S e =i>'i? 
^ h^l 24'{;ipS2 ni-x Mgx Sy Sei-y ffi^Pl 

Jh@2 0;6Sifx^tuTV^'5o ^(7:)ftfeCDlS^Ji. ^ 1 

m^Tho - ' . 

[0 0 7 2] r<Dm6<^SI1i6?i^ffit:iJ:$*»flsu 
-f--OSait*fefl. mi<7D^ffi?l^^JcJ:e^^i*:i^- 

[0 0 7 3] ;^coSg6(7D||J6?K|gtcj:oTt. mi(om 

[0 0 7 4] :i<D^m(om7 (ommiBm^:;:^^ 

[0 0 7 5] 01 2fi. C<7)^7 0^1£?gffiSCj:-5^S 
fls:^._4^--_<75^^7 ^ pSJz nT e =iV^^ hS 1 4 

[0 0 7 6] 01 2»w^fJ:5»-x Z<DfS7(DmM^M 
lwJ:6^Sft:t^— if— J-^5V>T(i. p^ZnMgSSe 
^^:y KJl9^lwpSZ ni-x Mgx Sy Sei-y 
PJaJhji2 0;?»^5f A^ixTl^^o r<^pMZn 
i-x Mgx Sy Sei-y «;^RajhS2 OiT^Mgmj^tfcx 
p MZ nM g S S e ^ Kg 9 COM gM^it (M 

x.f^. 0. 11) ^^'i>+^{^:k^<mi^tiXh^^o t 
Ml<7)||ffl?^«t;iJ:5¥»ft:i^— 

[0 0 7 7] :L(om'7 <Dmmmm\^x.^^^\^—^- 

cDSiit^&fi. mi<^IIIB?i^^{wJ:6^»ft:i^— r-i: 
[0 0 7 8] rom7(7:)^:^?i^^{;ij:oTt>. ^i<?^^ 

mmmtmm^m.^.^^^^:itii>x^^o ^h\z,. ceo 

^7 0||^£?i^<i^;lJ:i^tf. pSz nMg S S e ^ 7 5/ K 
m9^\Z.WK^f^^tLV^Zn^-^ Mgx Sy Sei-y « 
^PlUhS 2 0 Jilct . wO^^^flcu-if-tDiim^t-S 

7ta6. rom^d^pMZnMg SS e:^y:y Kg9*X- 
jETL i: ^^^tSJS'&i" ^ c i: J: 6 ^ c2 7i^^R&<^^ 
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18 

[0 0 7 9] m^. :i<o^m(o^^<DmmMm^x.^^ 
[oo8o]Ei3fi. :L(DmB(Dn-mMm\^^^^ 

[0 0 8 1] 01 3t::^-fJ:5t::. c 8 
70 {;iJ:5^#*i^-i^*-Jw:io'/^m. pMZnSSe^fe^ 
ftS8 i: pMZ nMg SSe^y^h^MS irO^St^p 
MZni-x Mgx Sy Sei-y m^PUhS 2 0 A $ 
iXTl/^So w<754&^. r.<7:)pMZm-x Mgx Sy S e 
1-y m^PUhil 2 0 tl. UEf^J&it:sLr^^(Dm^:^\^\^ 

Tl^5o J: ?) :^fls:«J{-(i. Z(Dm^^ COpSZni-x 
Mgx Sy Sei-y m^PtitS2 0(7:)Mgm^itxfl. 
C<7)p^Zni-x Mgx Sy Sei-y ®^PUhg 2 0 ^ 
p^ZnMg SSe^9y KS 9 1 0|?-®t;i*3l/>T»±r 
20 OpSZnMg S S e ^75^ h^B 9 (DM eU^itt—Sc 

j!)-ox^^.^i^m±\^x\^^^o r^xi-mv z<r>pmzn 

l-x Mgx Sy Sei-y M^WtM 2 0 (D^^tDB^W 
(OTf^n. p^ZnMg S S eiJ^^^z Kjl9;5^^p^Z 

n s s e5fe^26e 8 {;ii63^- 5:^1^ iw^>«r{;i Jibuti > 

'^-tmmxh^<Dx. mm^m^-r^o 
[0 0 8 2] z<Dms<Dmmmm\^x^^i^\^—f- 

[0 0 8 3] :z<Dms(DM'smm\^xoxi>. miom 

^8«^lliS?gffitwJ:nf^. pSZn SS e3l£»feS8 i: 
pSZnMg S S e^9y KB9 1 0#®J;ijf tb^c 
p^Zni-x Mgx Sy Sei-y m^RBJiijl 2 0 dJ: 

pSZnMgSSe^7?/KJi9 (ilPJ^-T ^ <7> 

\.fz,r^^x^^m7<o^it^ti^pL^:itt^x^. ^ 

[oo84i»:i;i. z(Dwn<D^9<Dm:mmm^x^^ 

[OO85l014<i. :L(Dm9<omMMWi\'ZX,^^m^ 
^l^— H^*-.C^^j^7 ^ pSZnTe=>'^5'^ hill 4 

[0 0 8 6] 01 4{;i^-rj:5f-x rco^9t7)^J6?^^ 

twJ:e^^ft:i^-if-t:i:J3l^>T(l. pMZnMgSSe 
50 ^7 :x Kil9 i: pliZ n S S e y^i^M 1 0 ii: 
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ClpSZni-x Mgx Sy Sei-y fE^PliiiJi 2 0 d^lf 
ASi^"CV^5o -<^4&^x ri7:)pSJZm-x Mgx Sy 

1-x Mgx Sy Se]-y m^PULJi2 0<OMgmJ5eitx 
r(;:>pMZni-x Mgx Sy Sei-y m^PUhJl 2 

0 <!: pSznMg s s e ^^7 5^ vMB t(o^mz:^y^^x 

ttrtDpSZnMgSS eiJ'^^/ 9 (OM g m^ifc ^ 
— i&:UTl/^5^^ pSZ n S S e^-Y^^:?"^! 0{::fS3^> 

pSZni-x Mgx Sy Sei-y H^PUhS 2 0 Oif&^J- 
oe^^^OTiSfix pSiZ nMg S S e i?'^ !y KJ19;?>^ 
e>pMZ n S S e y:^Jll 0 ill fS]^^ 5 :^fS) 

[0 0 8 7] ^(Dm^(Dmmm^x^^mwi--^- 
[0 0 8 8] z(Dm9<Dmmmm^^xoxh. mi(om 

[0 0 8 9] :i<DW^(D^i ocomw&mi^^^ 
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QWJil SCOft^PDl::. PSSSirUTtDpSZnMg S 
e g ^ S-T-^FS irUrcOpUZnTe^i: ^^K\zm 
SUytpSZnMg S e/ZnTeMQW;i2 4;65^tt 
^ttr^^^So :i<Dm^. C<OpMZ nMg S e/ZnX 
eMQWB2 4<DKgSi: LT<?DpSZ nMg S egO 
e^^(?:)Tffi« pS!ZnSe/ZnTe MQWg 1 3 <7D 
mmmt i.X<DpmZ n $ eSOgS^OT«l::lt-<T 
iS<. r<75pSZnMgSeSJwJ:!9. m^7f)^hm 
i^£iifcm^;^^pMZ nMg S eXZ nT eMQWg2 4 

[0 19 2] rt7)^3 0(D^iSJg]SlwJ:^¥^»f*:u-lf 

<Dm^:^&tmi^xh^<ox. mmirmm-r^o 
[0 19 3] z(om3 o<Dmmmm\zxoxh. isi<^ 

[0 19 4] z<Dmm(Dm3i(ommmm\zx^ 

[0 19 5] 12 3 7 fi. zoms Kommmm^xh^ 

[0 1 9 6]. 123 7tr^f <t :i(om3 Kommm 

^tiUz-S^^ft^L^-if-JiliSl^m. p^ZnSSe^fe 
^&g8 pMZ nMg S S e ^ v h*m 9 <h O^f-MtH 
p^Zni-x Mgx Sy Sei-y H^PUhg 2 0 ;6^1f A 

[0 1 9 7] 04 6 ii. pMZ ni-x Mgx Sy S e 
i-y m^ffiJh® 2 OCDMgmj^Jtx :7i3-S 
^mt<Dmm^yr:To fcfcL. pliZ nM g S S e ^ 
5/ K@ 9 CDM g m^ttn 10%. T«^»l 1X1 

0^7 cm-^T*— ST-fe5o 12 4 6 J; 19. pMZni-x M 
gx Sy Sei-y ®-?-PlJhe2 0(DMgiSfl*itx<Dtiini 

[0 19 81 r<7)||3 l(0^ft?i?^tCj:6¥««cW— 

[0 19 9] r(?Dm3 Kom:mmm\zx,^xh. mB<D 
[o2oo]«;:ir. :i<D^m(om3 2<Dm'mMm\z.x^ 

[0 2 0 1] 123 8fi. roM3 2<^^iS?ii^ffit;iJ:6^ 

[0 2 0 2] 12 3 8 {d^-r J: 0 iil. 3 2 (D^mi^ 

^^ci5^^^z^^~f^-^;l*5v^T^l. &t^7,i:p^z 

n S S e*«jKS8 ^<D^®(CpSJZm-K Mgx Sy 
S ei-y m^PlJt)l2 0;!fS}f A^nTV^5. ^lOS-g^, 
rcOpliZni-x Mgx SySei-y ll^PliJ:^ 2 0 
fi. Mgja^tt:x;6s-?:<75lPS*-f6)i;i«^>«ri;i^<l:UT*3 
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(16) 

29 

wt^S^. r<^5pSZm-x Mgx Sy Se 

i-y m^PJJhJi 2 OOMgJiajSigJtxfi. ::(DpMZn 
i-x Mgx Sy Sei-y m^PJJhSaOirp^ZnSS 

Z n S S e %mi&.M 8 fn);6^ 5 \Z. \^tif}>o 

UTl^-5o rtl.lw^tiV\ r^^:)pfSZ ni-x Mgx Sy S 

nMg S S e 9 75>6 p S!Z n S S e 3fc«RS 

[0 2 0 3] r<7?||3 2 0^m?l^^{;iJ:5^^#:u— f 

[0 2 0 4] z<Dm3 2(Dmmmm\:i^<>xi^^ ms<D 

[0 2 0 5] rcD^P^o^s 3(^^i6?g^{;iJ:-5 

[0 2 0 6] 1113 9fi. rc0^3 3 60^ffi?gffi{Cj:5^ 
[0 2 0 7] ^ 3 9 J: 5 w(Df53 3(D^:teJg 

nSS eytm&ms t^m\^pmZni-x Msx Sy S 

ei-y m^mjtm2 o^m7<^tix\^^^o ^(om(Dm^ 
[0 2 0 8] z(Dms s(ommmm^:ix^^mi^i^-^ 

[0 2 0 9] ^(71)^3 3(D^:^jg^i;iJ:oTt>. ms(0 

[0 2 10] :z(D^m<Dm3 4<Dmmmm\-x^ 

[0 2 1 1] 1214 0*1. wC0M3 4 0||16?g®{;iJ:-5iji 
[0 2 1 2] 1114 0{;i^i-j:5{c, z<Dms 4<ommi^ 

m^X^^^mi^i^-^—\Z:jrS\,^Xi^^ n^ZnSSe^fe 
m^&SQ t nmz nMg SS e iJ^^ y K^5 <i:<D#®iC 
nggZni-x Mgx Sy S ei-y ^TLRSJhS 2 5 ;55^A 40 
$i^-CV^^, C(7)4&^, rOnl!Zni-x Mgx Sy S 
ei-y jETLPJjhS 2 5 Ji. SHfifetby S:J^f6jj:: 

T^/^6o ct t) A^*:«JjCfi, Z<DWr^^ rOn^Zni-x 
Mgx Sy Sei-y lE^mtm2 5(DSm^ityi^. Z 
cOn^Zn^'x Mgx Sy Sei-y jETLPlihif 2 5 <b n 
MZ nMg S S e ^7 5^ Kg5 t (75#®j;:*3lNTrtC<^ 
n^Z nMg S S e iJ'y 5^ 5 (7) S/Sa^tt UT 
U-^-S^J^ nSiZn S S e ^m&M 6 \:iLtzt>>^ 



9 — 293937 

Mgx Sy Sei-y lEKfK±m 2 5 (OU^(Dmm^^(0 
±«3«. nSZnMg S S e^7tx KeS^^^jnSZn 

S S e^m&m6{Z\^^^^:fj\^\Z^^\:iT^\^X\^^^o 

[0 2 13] rc^^3 4tD^]^J^ffi|;iJ:e>^«ft:u— 

(omm:fjmtmmxih^(ox\ mMi:^mT^c 
[0 2 14] z(Dms 4(DmMmm\zxoxiy^ mB<r> 

mmmm t mmomj^^n^ r t t}*-x^ 
[0 2 15] ro«B^o^3 5<Dm^mm^zx^ 

[0 2 16104 1(1. z(Dm3 s<Dmmmmizx^^^ 

[0 2 17] ID 4 l{;i^1-J:5{-> ^(^^3 5<DmMm 
lte^::J:6^»»:u-1f-{^*5V^T^l. nUZnSSe^t 
m&me t nmz nMg S S e ^^5^ K@5 ^ (7:)|^®(r 
nMZni-x Mgx Sy-Sei-y iE?LPJJhS 2 5 A 

[0 2 18] z<Dm3 4<DmmMm\zx^^mi^\^-'f 

[0 2 19] ^(^^3 4 0^^Ji^^{;iJ:oTt. m7(D 

[0 2 2 0] z<o^m(Dm3 6<ommmm\zx^ 

^mt^i^—^-\zo\.^xwtm'r^o 
[0 2 2 iis4 2fi. :L(om3 6(DmmmmiiZx^^ 

[0 2 2 21 ® 4 2 (C^-Tct 5 3 6 (OmmM 

«S(wJ;6^*U-f-'-Jw*5l^T*l. n^ZnSSe^ 
m&me i:nMZnMg S S e 7 KJl 5 i: 
n3!Z n S S e jE?LRiJhJl2 edSifA^nTV^-So Z(D 
S-a-. w<7)nSZ n S S ejE?LP£Jlig2 SM^lt 

C<Dn®Z n S S eiE?LPlJhil2 6tr)Sfflj*H:*i. Z(D 
nmz n S S ejE7LPiJh^2 6 <>: nS?Z n S S e ^^fi 
g6 i:^D#®i;l*5^^T^lrOnMZn S S e 6 

<DS«a^tbt-ifcbTi^53&s, ?&^4B7^zr^i];&^5^cL^ 

S S e jE?LPJjhJi 2 6 (D^^(Dmm^^(D±t^i'X^ n ^ 
ZnMg SSei^'^iX h^M 5f>^tb^^m 7 \zm^o:^\^ 

mz^^i^mi^i^-'i'-tmmxh^(ox\ tfti^sr^K 

[0 2 2 3] ::<7?«3 6(^lliS?g«Si;iJ:5if£»flcu— if 
-OKit^rtell. m 1 <7>^:ffi?^ffilw<t 5^^ft:^'-1^- 
[0 2 2 4] z.(Dm3 6<ommmm^zx<:>xi,. ms(D 
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3J 

[0 2 2 5] :i(0^m(Dm3 7<^SIi6?gffil;iJ:^> 

10 2 2 6] is4 3(i. zcDMs 7 (Dmmmm^z^^^ 
[0 2 2 7] EI4 3ic^-rj: 9t-. :i(Dms 7(7:>mMm 

n s s e^mf&me t^mi^nmznss ejEumjtm 

2 6;65if A^tur^/^5o -^cDtet^s^fi. mKommm 

[0 2 2 8] ro|g3 7(D||lifi?gffi(Cj:5i|i«^*:u-f-* 

[0 2 2 9] :i(Dm3 7 <Dmmj»m\:^x^xh. mso 

[0 2 3 0] r^^^P^(7D^^S?^^®lCol^T:i^*«I 

[0 2 3 1] m^ai. ±^<om 1-^37 O^JSJ^ffiSr 

^feJi4'l-»AUTt>J:v\ ^fc. ±5i!i(7)mi'-m3 7 
C0^:^?i^^^;l;^o^^Tffit^^,:j^T^/^5nMZ n S S e*^ 
&g6*3j:t)^pSZ n S S e^^26Jl80fti:>t}|C. n 
mz n S e^«26S*3j:t;CpS!Z n S e 3£«lSJiSr^V^ 
Tt>J:i/\ l^^t:i. pl^Z n S S e ^-^iyT^Ji 1 OOft 
i^t){;ipSZn S e^-r 5/:/Si&:^^/^Tt>J:^/^ 

Jw, Sfe@7(iM;tflZnCdSSe-^ZnSet;iJ:?) 

[0 2 3 2] ^fc. '^i;t(^. _bii!!0^1~^3 7(D^J£ 
Ji^l|g(w*3V>X. pSZ n S e/^Z n T eMQWii 1 3CO 
pSZ nTeg(^ftt>l?(::pSB e T e Jl^^tfipSG 
aAsJl^ffil/^. pMZ nT e ri^^^:^ hgl 4<7)ft^^. 
!5l:ip^BeTe =^1^^^ hS^fcfi p a A s = 

hS4:ffit'\ nMZn S S e3fe»JSS6:feJ:U^pS 
Z n S S e ttm^m 8 Ofti^ "5 fil-^tL^'tLnUB e Z n 
S e5fe^fiJi*3j:0?p^B e Z n S e 
nmz nUsSSe^yy Kil 5 J:T^p MZ nMg S 
S ei?^^^' Ke9<Dftt>»9{r^tt-?:'tLnSBeMgZn 
S e KJi^J: U^pUB eMg Z n S e ^ 5/ Kjf 

^^l^TtJ;l\ C<JOJ: ptCnliB eMg Z n S e ^ ^ 
5^ KB*5J:t/p^B eMg Z n S e ^ y KSSrffil^^e 
S-g-fwrn^PKihS^B eMgZn S e {Zlct 19 fl^^i-'S 

gZnSe^75^ Kii^J:D^pMB eMgZnSe^^ 
$/ KJi<^Mgi3<ttj5/4fcflB e(Djaj«itJCtfc-<T»5< 

[0 2 3 3] ^e^d. ±Sl!60^1'-^3 7C>^te3^^t;i 
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32 

fflLfc*&t:lo^/^TSiWLfc;6^ DH (Do 

ub I eHeterostr ucture) mmo^mt^ — f-*- H t 5 

[0 2 3 4] 

{CI I I m<t^!^^mm^b^j:^m^m±m7i}^'<i^ti: 
JO i^^^bmrbmzm^T^^^pmmm=^i^^ii^ h^(D^mm 

[0 2 3 5] ^7t. rco^l^{;iJ:5^^^«:^3fe*^F-»::J: 
KS * ^T-#^*S^i^^;55± C ^ <^E^Jh-t--5 r i: ii^ X 

[0 2 3 6] ^e>(:i> :i(Dmm\^xh^^mi$^^^ml^\^ 
x.tiif£. i^imtnm^yyymt(Dm-^tc^±nm^y 

mm\.xi>^^\^±^^ztt-x^. c<Dtiitnm^y 
y vmt^}fx^^%'^-m^t^-^\i^(o^m±'t^:iti)- 

[i§]®<7)flim/.cuii^] 

[01] :L(D^m(om\<DmMmm:^^^^mm — ^ 
40 -(r>^m^:^m\^mm.tmmmx^^o 

[112] z(o^m(omi(ommmm^^^^mwi^—^ 
-(o^u^:^mz,Wi7tmmmxth^o 

[0 3] w0^ego^lo|lffi7^ffit;iJ:Sif£»«:u-ih* 
[1114] Z nMg S S eJi<OMgffl^£^:ES#IKJ?<i:<7)B8 

[05] :^(Dm^(om\<ommm\^^^^wi--'^ 

- <D A C C ^ - X - ^ ^ ^ -TBS m T* fo 5 o 
50 3gJwffli.>^tv2)MBE^11Sr^i-llSiBET-fo5o 
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[Ell 4] z<omm(DfR9(Dmmmm\:ix^^mm — 
[Ell 5] z(D?^m(Dmi o(Dmmmm\^^^^mt^^ 
[016] z(D^m(ofsi i<7^mmj^m\:i^^^i*^i- 
[Ell 7] c<o^M<^^i 2(Dmmmm\^^^^»^ 

[Ell 8] ro^^^DMi 3t?5^:teJi^^{i:<tS^«(^i^ 

— if— 0||jEi503iJ^:/U^?-/^^^ K^T-feSo 
[EI2 0] C(D^5^0^l 5 0^ffi?^^l::J:^^fz^u 
[02 1] :i<o^m(omi e(DmMMm\:iX^^mi^l- 
[132 2] z(o^m(omi7(Dmmmm\:^^^^i^^ 

[02 3] CO^WO^l 8co|li6?gffi(;iJ:5¥»fz^i^ 
— if — (7:>^gs(D:3i^/ua{i— K0r-fe^o 

[02 4] co^igo^i 9^^^:teJg^l;lJ:5^«fr^' 
— if— coi|?a5(Oai^/u^-z<>- K0-efc5o 

[02 5] ro^P>^(7:)m2 0(?^^«?i^^i;iJ:$^»ft:u' 

[02 6] z<o%^(Dm2 i<Dmmmm\z.x^^^m»i- 

— if— <01ia5<D3^^/U^— /<V K0Tfc6o 

[0 2 7] :i(Dmm(r>m2 2(Dmmmm\^^^^^i^^ 

[02 8] co^W(0M2 3CD||J6?g®t;iJ:5^^»i-' 

— if— (T^^glSOcn^/W^-z^^- K0X-^5o 
[02 9] r(75^§^(75S2 40^:^?i^ffit;iJ:6^^ftci-' 

[03 0] r:o«?3(?5^2 4OD||j(£3i0ffil;ii:5i#^«*u 
[03 1] r<?5%P^oS2 5<75||J6?i^ffi^;lJ:5¥■»»:^- 
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34 

— if— <oS«ai<?53i;i;>ru^— K0-efo5o 
[0 3 2] ro%?^om2 6<D^ffi?g^(:iJ:5*«ft:i^ 

-if-(7)^gSt^:n:t>/^=^-'''^>' K0-Cfc^o 

[03 3] :iOBP>^(7:)^2 7(0^^fi?g^S^c:<^:5*«fls:^' 
— if— (7:)ga5cr)3i::?^/U^— z<>^ K0r*foSo 
[03 4] ct^%P>«^®2 8<;:)^]fe?^^ti:J:5^ffi^ 

[0 3 5] c<owM(om2 9(ommmm\:^x^^mt¥i- 

— if— <^^gi5(^rc;^/pa^—y<>' K0-efc'5e 

io [03 6] z(Dmm(Dm3 o(Dmmmm^:^x^^m{^i^ 

— if — 0^a5CD:3i^./UdSS— yO' K0T*fo5o 

[03 7] :i<D^m<r>fS3 i(ommmm\:^j^i>^mii^i^ 

— if— (^m^^Lypaf^— K0Tte6e 

[03 8] rcO^P^^tomS 2 0^j5£?i^^tC<t5^##:u 
— if— (^^^/U^— /-^iz K0'T?fo5»o 

[03 9] CO^0J(;DM3 3<D^:^?i^^^rJ:S3|£:^»:U 
— if— C03i;t;yuaE£— K0T-fe5c 

[04 0] r<^»Wom3 4(^:)^i6?l^«Jc:<t5^^«ft:u 

-if-<?53t^/^^-z-?V K0T-te5o 
20 [04 1] r(D%§^o^3 5^llffiJi^^^::J:5^^^^^l^ 
— if— cQjL^/wdji— K0Tfc5e 

[04 2] z<Dmm<Dm3 6(o^mmm\z.x^^m»i^ 
[04 3] z<Dmm<Dm3 7<Dmmj^mi:^x^^m»i^ 

— if— (^^cn^i/W;^- K0T-fc'5o 
[04 4] ZnMgSSe36>b?'.C5^^^y Kii03i^/u 

tt^ti'S:T*:»e)^cje:^iS:^-ria§*a0TfoSo 

[04 5] Zni-x Mgx Sy Sei-y OMgia^ttx 

JO ioJ:t;sM^ity 7 7Kl:i*5tt53i^-/l-^-=¥ir5/>^ 

[04 6] pSZni-x Mgx Sy Sei-y m^WtM 
(DM g ffl^it X t :t—^<—y n — S-^S t OBi^^^T . 

1 ' • • nSGa AsStS. 5 • • • nSZnMgSS 
ei!^^y Kil. 7 • • -Sffii. 9 • • • p^ZnMg 
SSe^y^y Kilx 1 0 • • • p liZ n S S e =¥^r 5^::^ 
1 1 ' ' • pSZ ni-x Mgx S eS^RBJte. 1 
40 2---pSZnSe=i>'^$'i5^ hgx 13- • • pMZ 
n S e/Z nT eMQWS. 14---p^ZnTe = 
^-^^iJ^ hJis 1 6 • • • piPHmiil. 1 7 • • • nOiim 
ffi. 20 • • • pSiZm-x Mgx Sy Sei-y ®^P1 
Jhil. 21 • • - p^Znt-x Mgx Sy Sei-y XZ 
m-x Cdx S ejgt&^m^^RUhJi. 22 • • • pS!Z 
ni-x Mgx Sy Sei-y /Zni-x Cdx Sy Se 

i-y mt&'^m^mtms 2 3 • • • psznMg s e/ 

ZnCd S eMQBm^RBjh^. 2 4- • • p^ZnM 
g S e/Z n T eMQWJi. 25 • • • nliZni-x M 
50 gx Sy S ei-y lEKWtm. 26 • • • nSZnSS 
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4#SB¥ 9-293937 



12 1] 
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